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Description

[0001] The present invention generally relates to ele-
vators and, more particularly, is concerned with an ele-
vator with a scissor lift mechanism.

[0002] In various work platform lift machines, such as
scissors lifts, elevated platforms, cranes, etc., hydraulic
cylinders are used to provide the necessary lifting forc-
es. One of most popular machines of this type is called
an electric slab scissor lift machine. Electric slab scissor
lift machines comprise a scissor lift mechanism mount-
ed at a lower end on a chassis, a work platform mounted
on an upper end of the lift mechanism for carrying per-
sons, and a hydraulic actuation system for operating the
lift mechanism to raise and lower the work platform. The
scissor lift mechanism includes a plurality of pairs of
arms pivotally interconnected in a scissor-like fashion
so as to raise and lower as the arms pivot between gen-
erally vertical unstacked and horizontal stacked orien-
tations relative to one another. The hydraulic actuation
system generally employs two or more hydraulic cylin-
ders for causing pivoting of the pairs of arms to expand
the lift mechanism. Typically, the hydraulic cylinders are
interconnected between an adjacent pair of the arms.
[0003] The use of hydraulic actuation systems and
positioning of the hydraulic cylinders in lift machines
have several disadvantages, but there are other scissor
mechanisms that use electro-mechanical drives for ac-
tuation.

[0004] Scissor based lifting mechanisms are well suit-
ed for realizing elevators, in particular elevators that are
designed to be employed in buildings with less than four
floors. The hoistway, if needed at all, does not need to
be much larger than the cross-section of the elevator
platform, since all the mechanical elements as well as
the actuation mechanism sits underneath the elevator
platform.

[0005] Itis, however, still an unsolved problem to pro-
vide a reliable approach for balancing the elevator with-
out having to employ counterweights and ropes, or the
like, that move up and down in the hoistway as the ele-
vator platform moves down or up. Important issues
when realizing scissor-based elevators are the stability,
reliability, the size and price. In particular the counter-
weights may add substantially to the overall costs, if one
considers the additional space needed in the hoistway
and if one takes into account that the installment and
maintenance is costly.

[0006] Some of the conventional scissor-based load
elevators comprise springs interposed between the plat-
form of the elevator and a base frame, or interposed be-
tween two of the arms of the scissor. The springs are
biased in order to compensate at least a part of the load
of the elevator.

[0007] InUS 1,947,647 an elevator comprising a plat-
form, a scissor assembly carrying the platform and be-
ing arranged on a ground underneath the platform and
a drive mechanism is disclosed. The scissor assembly
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comprises three vertical scissor columns, each of the
scissor columns comprises at least two pairs of arms
which are pivotally movable relative to one another. The
drive mechanism is adapted to mechanically interact
with the scissor assembly for applying a force in order
to move the platform upwards and unfold the scissor as-
sembly. For each scissor column, one spring element is
horizontally arranged between the lower ends of the
lowest pair of arm, thus providing a spring force which
acts on said arms in a horizontal direction to provide an
upwards oriented counterforce on the platform, said
spring element being biased and arranged such that a
length of spring element is varied as function of a travel
distance of the platform and the spring force is varied
as a linear function of said length. It is a disadvantage
of this elevator that the counterforce provided by the
spring elements is not constant when the platform is
moved upwards or downwards. Therefore, the force
which must be provided by the drive mechanism not only
depends on the load of the elevator. It strongly depends
on the distance between the platform and the ground.
Thus, the power consumption of the drive mechanism
isincreased. The control of the drive mechanism is com-
plicated.

[0008] Consequently, a need exists for a different ap-
proach to balancing the scissors lift mechanism of ele-
vators which will overcome the above-mentioned disad-
vantages without introducing other disadvantages in
their place.

[0009] A scissor elevator, in accordance with the
presentinvention, is provided in claim 8, and a mounting
platform for such a scissor elevator, in accordance with
the present invention, is provided in claim 1.

[0010] The scissor elevator comprises

- an elevator car,

- ascissor assembly carrying the elevator car, being
arranged underneath the elevator car and compris-
ing at least two vertical scissor columns, each of the
scissor columns comprising at least one pair of
arms which are pivotally movable relative to one an-
other,

- adrive mechanism, being adapted to mechanically
interact with the scissor assembly for applying a
force in order to move the elevator car upwards by
unfolding the scissor assembly,

- atleast one spring element providing a spring force
which acts on at least one of the arms to provide an
upward force on the elevator car.

[0011] Said upward force counteracts those forces
which cause the scissor assembly to fold. In particular,
it counteracts the vertical load of the elevator, for exam-
ple the weight of the scissor assembly, the weight of the
elevator car and/or a load on the scissor assembly or a
load in and/or on the elevator car. Thus, the spring ele-
ment acts as a virtual counterweight reducing the force
which must be provided by the drive mechanismin order
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to move the elevator car upwards. In the following the
term counterforce is used for said upward force.
[0012] The spring element can be designed such that
it realizes a non-linear function of the spring force versus
a distance of the elevator car with respect to the ground.
In particular, said non-linear function can be chosen
such that the counterforce is constant even on the con-
dition that the distance of the elevator car with respect
to the ground is changed. In particular, said non-linear
function can be chosen such that the counterforce ex-
actly cancels the vertical load of the elevator at all loca-
tions along a path of elevator car.

Inter alia, the spring element can be arranged such that
a length of the spring element is varied as a function of
the distance of the elevator car with respect to the
ground and the spring force is varied as a function of
said length in such a way that the spring force is a non-
linear function of said length. In the latter case, the
spring rate (i.e. the stiffness) of the spring element var-
ies as a function of the compression (or length) of the
spring element in order to generate the spring force.
[0013] The elevator, according to the present inven-
tion, has the following advantages:

- stability is provided due to the fact that two scissor
columns, each comprising an integrated counter-
weight, are used in parallel;

- disturbing vibrations are avoided when moving the
elevator car up or down;

- due to the fact that horizontal guiding means are
employed, the whole system is more rigid compared
to conventional approaches without guiding or with
vertical guiding;

- due to the fact that horizontal guiding means are
employed, that can be part of a mounting platform,
the elevator can be pre-fabricated and thus installed
more easily on site. This helps to drastically reduce
the overall costs of the elevator;

- the on-site installment is less complicated and less
time consuming. No mechanical experts are need-
ed for the installment anymore;

- the virtual counterweight, according to the present
invention, is small and does not take up much room
in the hoistway;

- thevirtual counterweight has only few moving parts
and is thus less sensible to disturbances and less
likely to fail;

- the virtual counterweight can be pre-installed and
trimmed prior to being shipped;

- dueto the fact that an efficient virtual counterweight
is employed, a smaller actuation mechanism can be
employed to lift the elevator car, i.e. one can employ
a smaller engine or hydraulic actuation system, for
instance; thus, less power is required;

- the virtual counterweight provides for increased
safety of the overall system since so far uncompen-
sated forces are substantially reduced or eliminat-
ed.
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[0014] The above advantages do not necessarily ap-
ply to all the different embodiments, since the embodi-
ments are implementations of the invention with a focus
on optimizing particular aspects. At the same time, how-
ever, other aspects might be less perfect.

[0015] Foramore complete description of the present
invention and for further objects and advantages there-
of, reference is made to the following description, taken
in conjunction with the accompanying drawings, in
which:
FIG. 1A is a schematic perspective representation of
a first elevator, according to the present in-
vention;

is a magnified view of the first elevator, ac-
cording to the present invention;

is a schematic perspective representation of
the lower part of a second elevator, accord-
ing to the present invention;

is a diagram showing the required spring
force as a function of the distance that the
elevator car travels;

is a schematic perspective representation of
the lower part of a third elevator, according
to the present invention.

FIG. 1B

FIG. 2

FIG. 3

FIG. 4

[0016] In the following description, like reference
characters designate like or corresponding parts
throughout the several views of the drawings. Also in
the following description, it is to be understood that such
terms as "horizontal", "vertical", "left", "right", "upwards",
"downwards", and the like are words of convenience
and are not to be construed as limiting terms.

[0017] Referring to the drawings and particularly to
Figs. 1A, 1B, 2, and 3, there are illustrated various scis-
sors-type elevators of the present invention.

[0018] In Figs. 1A and 1B, a first embodiment of an
elevator 10 is shown. The elevator 10 is arranged in a
hoistway 9 and basically comprises an optional mount-
ing platform 11, an elevator car 12, a scissor assembly
13, and an electro-mechanical drive 14. The elevator car
12 is disposed above the mounting platform 11. The
scissor assembly 13 extends vertically between the
mounting platform 11 and elevator car 12 and has four
upper ends 13.1 (not visible in Fig. 1A and 1B) pivotally
mounting the elevator car 12 and four lower ends 13.2
horizontally mounted and guided by guiding means 15
on the mounting platform 11. The scissor assembly 13
comprises two scissor columns which preferably are
substantially identical to ensure symmetry of the overall
system. The two scissor columns are situated parallel
to each other on either side of the elevator car 12 and
are connected by at least one horizontal cross element
16. A rod or tube may serve as cross element 16, for
example. Each scissor arrangement comprises a plural-
ity of portions in the form of pairs ofarms 17.1,17.2, and
17.3,17.4,and 17.5, 17.6, and 17.7 and 17.8 being piv-
otally interconnected in a scissors-like fashion and mov-
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able relative to one another between expanded and re-
tracted conditions so as to move the elevator car 12 be-
tween raised and lowered positions relative to the
mounting platform 11.

[0019] Each pair of arms of the scissor assembly 13
comprises two longitudinal arms. The lower most pair of
arms comprises the two arms 17.1, 17.2, for example.
The arms 17.x may have a solid or hollow tubular con-
struction and they may have a substantially rectangular,
circular, triangular or oval cross-section. Though the
arms 17.x may have any other suitable configuration.
The length LA of each arm 17.x is smaller than the re-
spective length LE of the elevator car 12 if the scissor
assembly 13 is to stay within the projection 12.1 of the
elevator car 12. In this case, the length LH and width
WH of the optional hoistway 20 is only slightly larger
than the length LE and width WE of the elevator car 12.
Itis, however, also possible to employ arms 17.x having
a length LA that is greater than the length LE of the el-
evator car 12.

[0020] Each arm, e.g. the arm 17.3, has a pair of op-
posite ends 17A, 17B, as illustrated in Fig. 1B, and is
disposed in substantially parallel relation to the other re-
spective arm 17.4 of the pair. The scissor assembly 13
also includes a plurality of intersection points 17C and
cross elements 16 horizontally extending between and
pivotally connected respectively with corresponding
ones of the arms 17.x at the intersection points 17C. The
arm 17.3 is atits respective end 17B pivotally connected
to the end 17A of the next arm 17.6, and so forth. Fur-
thermore, there are optional cross elements 18 horizon-
tally extending and pivotally connected respectively be-
tween corresponding ones of the arms 17.x of the two
parallel scissor columns. The cross elements 18 may be
connected to the arms 17.x at or close to the respective
ends 17A, 17B.

[0021] The elevator car 12 is of any suitable type such
as the one shown in Fig. 1A and Fig. 1B. An underside
12.3 of the elevator car 12 is mounted to the uppermost
pairs of arms 17.7, 17.8 in a fashion that may be sub-
stantially similar to the mounting of the lowermost pairs
of arms 17.1, 17.2 to the guiding means 15. The mount-
ing is done in a way that the respective uppermost pairs
of arms 17.7, 17.8 and lowermost pairs of arms 17.1,
17.2 can move in a horizontal direction x relative to the
elevator car 12 and mounting platform 11 so as to allow
for the expansion and retraction of the scissor assembly
13.

[0022] The guiding means 15 ensure that the four low-
er ends of the two lowermost pairs of arms are kept at
a certain height HX above ground. In the present em-
bodiment, the height HX is fixed. It is, however, possible
to define a range Hmin to Hmax in which the lower ends
of the arms are allowed to move.

[0023] In Fig. 1B, details of the guiding means 15 are
shown. Each of the lower ends of the four arms 17.1,
17.2is mounted and guided in respective guiding means
15. The lower end 17A of the arm 17.1, for example, is
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pivotally connected to a horizontal slide 15.1. The arm
17.1 may be connected to the horizontal slide 15.1 by
means of a pin 15.2, axle or screw, for example. Each
of the guiding means 15, according to the present em-
bodiment, comprises a central non-threaded shaft 15.3
which is arranged parallel to the ground or parallel to the
mounting platform 11 and parallel to the x-axis. The hor-
izontal slide 15.1 comprises a through hole and the shaft
15.3 extends through this hole. In the present embodi-
ment, there are four guiding means 15 situated on the
mounting platform 15. The horizontal slides 15.1 can
move parallel to the x-axis along the shafts 15.3. Ac-
cording to the present invention, the guiding means 15
comprise at least one spring element 15.4 (e.g. a com-
pression spring) providing a spring force which acts on
the lower ends of the arms to provide an upwards ori-
ented counterforce on the elevator car. According to the
present embodiment, the spring element is arranged co-
axially with the central shaft 15.3. A spring may be
wound around the shaft, or a spring may be integrated
into the shaft 15.3.

[0024] The spring element 15.4 is biased and ar-
ranged such that the length of the spring element is var-
ied as a function of the distance of the elevator car 12
with respect to the mounting platform 11 and the spring
force is varied as a function of said length.

[0025] For improved symmetry, there may be one
spring element on the left hand side of the central shaft
15.3 and one spring element on the right hand side
thereof, as described in connection with the embodi-
ment illustrated in Fig. 2.

[0026] The drive mechanism 14 is connected with a
middle section of the lowest cross element 16 that con-
nects the lowest pairs of arms of the scissor assembly
13. By means of the drive mechanism 14, a force can
be applied on said cross element 16 in the vertical di-
rection.

[0027] Thus, the drive mechanism 14 is adapted to
mechanically interact with the scissor assembly 13 for
applying a force in the vertical direction in order to move
the elevator car 12 upwards by unfolding the scissor as-
sembly 13.

[0028] The spring elements 15.4 are arranged so that
they interact with the sliding element 15.1 to bias it to-
wards an unfolded position of the elevator. Preferably,
the spring element is guided by a horizontal shaft (e.g.
the central shaft 15.3) or the like.

[0029] The spring elements 15.4 bias the four hori-
zontal slides 15.1 on the platform 11 towards the middle
M. Therefore, the spring elements 15.4 counteract the
vertical load of the elevator 10. Thus, the spring ele-
ments 15.4 have to some extent the same function as
a counterweight in a conventional elevator. The force to
be provided by the drive mechanism 14 in order to move
the elevator car upwards is reduced by the extent that
the vertical load of the scissor elevator is compensated
for by the spring forces of the spring elements 15.4. For
this reason, they are herein referred to as virtual coun-
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terweight.

[0030] Anotherembodimentisillustratedin Fig. 2. Fig.
2 is an enlarged perspective view of just the lower por-
tion of the elevator 20. The elevator 20 comprises a
mounting platform 21 fixed on an essentially flat ground
22. There are again four guiding means 25 situated on
the mounting platform 21, as in Figs 1A and 1B. Each
of the four guiding means 25 mounts and guides one of
the lower arms 27.1 and 27.2 of a scissor assembly
which comprises two vertical scissor columns. Each
guiding means 25 comprises a horizontal slide 25.1 with
a central through hole 25.4. Central shafts 25.3 extend
through these holes 25.4. The elevator 20 comprises a
drive mechanism (not shown in Fig. 2) being adapted to
mechanically interact with the scissor assembly for ap-
plying a force in the vertical direction in order to unfold
the scissor assembly. The guiding means 25 further
comprise spring elements 25.5 which consist of two cy-
lindrical spring members 25.51 and 25.52 being dis-
posed in series. The spring members 25.51 and 25.52
might be horizontally guided in x-direction. The spring
elements 25.5 bias the two horizontal slides 25.1 on the
right hand side of the platform 21 towards the left and
the two horizontal slides 25.1 on the left hand side of the
platform 21 to the right. Therefore, the spring elements
25.5 counteract the vertical load of the elevator 20.
Thus, the spring elements 25.5 have to some extent the
same function as a counterweight in a conventional el-
evator.

[0031] In the present example, the spring members
25.51 and 25.52 are situated between an edge 26 of the
mounting platform 21 and a vertical part 25.6 of the slid-
ing element 25.1.

[0032] In order to provide for a virtual counterweight
that behaves like a conventional counterweight moving
up and down in a hoistway, it is advantageous to employ
a spring element having a non-linear characteristic. As
illustrated in Fig. 3, the distance that the elevator car
travels requires a non-linear spring force to ensure that
the virtual counterweight behaves like a real counter-
weight, independent of the travel distance of the eleva-
tor car above ground. Fig. 3 shows - for a particular el-
evator - the force F (horizontally acting on the lower ends
of the arms 27.1 and 27.2) that need to be provided by
a spring element in order to cancel exactly the vertical
load of the elevator as a function of the distance d be-
tween the elevator car with respect to the lowest position
which can be taken by the elevator car when the scissor
assembly is completely retracted. As it is shown in Fig.
3, the force F non-linearly decreases as a function of d.
[0033] In the case of the embodiment in accordance
with Fig. 2, the non-linear characteristic of Fig. 3 can be
approximated by using spring members 25.51 and
25.52 with different spring rates. In this way, the non-
linear curve of Fig. 3 is approximated by two adjacent
linear sections, said sections having different slopes as
a function of d.

[0034] Yetanother embodimentis illustrated in Fig. 4.
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Fig. 4 is an enlarged perspective view of a part of the
lower portion of an elevator 30. The elevator 30 does
not comprise a mounting platform, as in the other Fig-
ures. All elements are located on an essentially flat
ground 32. Just two pairs of arms 37.1, 37.2 of a scissor
assembly are depicted in Fig. 4. A drive mechanism 34
is adapted to mechanically interact with the scissor as-
sembly for applying a force in the vertical direction in
order to unfold the scissor assembly.

The lower ends of the arms 37.1, 37.2 are mounted in
guiding means 35. These guiding means 35 are fixed
on the ground 32 by means of screws or the like. The
guiding means 35 mount and guide the lower arms 37.1
and 37.2. Each guiding means 35 comprises a horizon-
tal slide 35.1 with a central through hole 35.4. Central
shafts 35.3 extend through these holes 35.4. Cylindrical
spring members 35.5 (tension springs) are arranged be-
tween the upper ends of the arms 37.1, 37.2 of each of
the lowest pairs of arms, as illustrated in Fig. 4. Each
end of a particular spring member 35.5 is connected to
one of the axles 38 which connect the upper ends of the
respective arms 37.1 and 37.2 of the lowest pairs of
arms. The spring members 35.5 apply a force that tries
to reduce the distance between the two horizontal slides
35.1 of each of the lowest pairs of arms. The spring
members 35.5 have a non-linear characteristic in order
to apply a tractive force that gets smaller the higher the
elevator car rises. When the scissor assembly returns
to the folded position, i.e., when the elevator car moves
downwards, the tractive force increases. Therefore, the
spring members 35.5 counteract the vertical load of the
elevator 30. Thus, the spring members 35.5 have to
some extent the same function as a counterweight in a
conventional elevator.

[0035] Other embodiments are conceivable where
the spring members are arranged in a different manner.
It is for example possible to combine the spring mem-
bers of Fig. 2 and the spring members of Fig. 4 in one
embodiment.

[0036] Due to the fact that a scissor assembly 13 is
employed, a small upwards movement of the lower most
arms 17.1, 17.2 caused by the drive 14 is translated into
a larger movement of the elevator car 12. The maximum
movement of the drive 14 corresponds to the maximum
expansion of the overall scissor assembly 17. According
to the present invention, an electro-mechanical or a hy-
draulic actuation system can be used to unfold the scis-
sor assembly. The actuation mechanism has to be ar-
ranged such that the symmetry of the system is main-
tained.

[0037] The springs, as used in the embodiments de-
scribed above, can be pre-loaded when fitting them.
[0038] In a preferred embodiment, the springs are de-
signed to balance the whole elevator system at least in
those positions (travel distance above ground) where
the landing levels are. The springs can be specially de-
veloped to provide the required spring characteristics.
[0039] The virtual counterweight, according to the
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present invention, allows to counterbalance the load.
[0040] Due to the fact that the spring elements or hor-
izontally arranged at or close to the mounting platform,
the accident hazard is reduced when persons perform
installment or maintenance work at or close to the scis-
sor assembly.

[0041] According to the present invention, a virtual
counterweight is provided that allows to offset the mass
of the scissor assembly and/or the mass of the elevator
car and/or the mass of the load in and/or on the car.
[0042] According to another embodiment of the
present invention, a rail is employed for guiding the slid-
ing element of the guiding means, the rail being horizon-
tally oriented.

[0043] According to a preferred embodiment of the
presentinvention, the spring element realizes a non-lin-
ear function of the spring force versus travel distance of
the elevator car. The spring element can be arranged
such that a length of the spring element is varied as a
function of the distance of the elevator car with respect
to the ground and the spring force is varied as a function
of said length, whereby the spring force is a non-linear
function of the length of the spring element. The spring
element may either comprise one spring having a non-
linear characteristic. As an alternative, the spring ele-
ment may comprise at least two springs being arranged
and coupled to approximate the non-linear function. For
example, two or more springs having different spring
rates may be connected in series and/or in parallel. The
spring element may comprise a polymer, or an elas-
tomer or polyurethane (PU), for example, said materials
forming spring elements which have a non-linear char-
acteristic.

[0044] It is not necessary that the spring element is
horizontally arranged. The spring element may be ar-
ranged in any other predetermined direction or may be
engaged at one end with at least one of the arms and
at the other end with any predetermined point so as to
provide the upwards oriented counterforce on the ele-
vator car.

[0045] In yet another embodiment, the mounting plat-
form comprises damping elements acting on the lower
ends of the arms.

[0046] Each spring element may be designed such
that the counterforce being induced by the spring ele-
ment is sufficient to (fully or at least partially) compen-
sate the weight of the scissor assembly and the weight
of the elevator car.

[0047] In a different approach, each spring element
may be designed such that the counterforce being in-
duced by the spring element is sufficient to (fully or at
least partially) compensate - besides the weight of the
scissor assembly and the weight of the elevator car - a
load in and/or on the elevator car in addition.

[0048] During operation of the elevator, the load in
and/or on the elevator car might be changed. Thus, the
latter approach can be refined by providing means for
measuring the weight of the load and means for adapt-
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ing the spring force as a function of a signal provided by
said means for measuring the weight of the load. For
adapting the spring force, several approaches can be
applied. For example, the elevator might comprise
means that adapt the bias of the spring element as a
function of the weight of the load. As an alternative, each
spring element may consist of a plurality of biased spring
members, whereby each of said spring members can
be either engaged to or disengaged from the respective
arms of the scissor assembly on demand. Thus, the
counterforce being induced by the spring element can
be adapted by changing the number of spring elements
being engaged with a particular arm in dependence on
the measured weight of the load.

Claims

1. Elevator mounting platform (11; 21) for mounting an
elevator, which elevator comprises

- an elevator car (12),

- a scissor assembly (13) carrying the elevator
car (12) and being arranged on the mounting
platform (11; 21) underneath the elevator car
(12), the scissor assembly (13) comprises two
vertical scissor columns, each of the scissor
columns comprises at least one pair of arms
(17.1 - 17.8; 271, 27.2; 37.1, 37.2) which are
pivotally movable relative to one another, and

- adrive mechanism (14), being adapted to me-
chanically interact with the scissor assembly
(13) for applying a force in order to move the
elevator car (12) upwards by unfolding the scis-
sor assembly (13),

said mounting platform (11; 21) comprising at least
one spring element (15.4, 25.5; 35.5) providing a
spring force (F) which acts on at least one of the
arms to provide an upward force on the elevator car
(12), said spring element (15.4, 25.5; 35.5) being
biased and arranged such that a length of the spring
element is varied as function of a travel distance (d)
of the elevator car (12) and the spring force (F) is
varied as a function of said length, characterized
in that

the spring force (F) is a non-linear function of the
length of the spring element.

2. The mounting platform (11; 21) of one of the claims
1, wherein the spring element (25.5; 35.5) compris-
es

- one spring having a non-linear characteristic,
or

- at least two springs being arranged and cou-
pled to approximate the non-linear function.
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The mounting platform of one of claims 1 or 2,
wherein said mounting platform (11; 21) comprises
guiding means (15; 25; 35) for horizontally guiding
lower ends of the arms (17.1,17.2; 27.1, 27.2; 37 1,
37.2) of the lowest pairs of arms of the scissor as-
sembly (13).

The mounting platform (11; 21) of claim 3, wherein
the guiding means (15; 25; 35) comprise a sliding
element (15.1; 25.2; 35.1) being horizontally guided
in a direction allowing the scissor columns to fold
and unfold

and/or the guiding means (15; 25; 35) comprise a
rail or shaft for guiding a sliding element (15.1; 25.2;
35.1), said rail or shaft being horizontally oriented.

The mounting platform (11; 21) of claims 4, wherein
the spring element (15.4; 25.5; 35.5) is arranged so
that it interacts with the sliding element (15.1; 25.2;
35.1) to bias it towards an unfolded position of the
elevator.

The mounting platform (11; 21) of one of the claims
1 - 5, wherein the spring element (15.4; 25.5) is
guided by a horizontal shaft.

The mounting platform (11; 21) of one of claims 1-6,
wherein the spring element (25.5; 35.5) comprises
a polymer, or an elastomer or polyurethane (PU).

Elevator (10; 20; 30) comprising an elevator car
(12), a scissor assembly (13) carrying the elevator
car (12) and being arranged on a ground (22; 32)
underneath the elevator car (12), and a drive mech-
anism (14), wherein

- the scissor assembly (13) comprises two verti-
cal scissor columns,

- each of the scissor columns comprises at least
two pairs of arms (17.1 - 17.8; 27.1, 27.2; 37 .1,
37.2) which are pivotally movable relative to
one another,

- the drive mechanism (14) is adapted to me-
chanically interact with the scissor assembly
(13) for applying a force in order to move the
elevator car (12) upwards by unfolding the scis-
sor assembly (13),

- at least one spring element (15.4; 25.5; 35.5)
providing a spring force which acts on at least
one of the arms to provide an upward force on
the elevator car (12), said spring element (15.4,
25.5; 35.5) being biased and arranged such
that a length of the spring element is varied as
function of a travel distance (d) of the elevator
car (12) and the spring force (F) is varied as a
function of said length,

characterized in that
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10.

1.

12.

13.

14.

15.

16.

the spring force (F) is a non-linear function of the
length of the spring element.

The elevator of one of claim 8, further comprising a
brake for holding the elevator car (12) on a given
level and/or for compensating, at least partially,
forces pointing downwards, and/or for damping
downward movements.

The elevator of one of claims 8 or 9, further com-
prising guiding means (15; 25; 35) for horizontally
guiding lower ends of the arms of the lowest pairs
of arms of the scissor assembly (13).

The elevator of claim 8-10, further comprising an
elevator mounting platform (11; 21) for being situat-
ed on the ground (22; 32), said mounting platform
(11; 21) carrying the drive mechanism (14) and/or
the scissor assembly (13).

The elevator of one of claims 8-11, wherein the
spring element (15.4; 25.5; 35.5) is arranged hori-
zontally.

The elevator of one of claims 8-12, wherein the
spring element (15.4; 25.5; 35.5) comprises

- one spring having a non-linear characteristic,
or

- at least two springs being arranged and cou-
pled to approximate the non-linear function.

The elevator of one of the claims 8 - 13, wherein the
upward force is sufficient to compensate the weight
of the scissor assembly and the weight of the ele-
vator car.

The elevator of one of the claims 8 - 14, wherein the
upward force is sufficient to compensate the weight
of the scissor assembly and the weight of the ele-
vator car and the weight of a load in and/or on the
elevator car.

The elevator of claim 15, comprising means for
measuring the weight of the load and means for
adapting the spring force as a function of a signal
provided by said means for measuring the weight
of the load.
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